Background and purpose: Fewer than 1 in 20 patients with acute ischemic stroke are treated with thrombolytic drugs, with threequarters of otherwise eligible patients being excluded secondary to delay in seeking medical treatment. Lack of symptom recognition may contribute to low treatment rates and is an important focus of public health education. The purpose of this study was to determine if an individual's cumulative number of stroke risk factors correlated with their ability to identify stroke symptoms. Methods: We surveyed adults about their stroke risk factors and knowledge of stroke symptoms at grocery stores and malls in a medium-sized university town in the Midwestern US. Results: In total, 245 adults completed surveys. Self-reported risk factors included high blood pressure (25%), high cholesterol (22%), diabetes (12%), tobacco use (11%), alcohol use (7%), heart disease (7%), and prior stroke (3%). Cumulatively, 56% of respondents had no risk factors, 41% had 1Á3 risk factors, and 4% had 4' risk factors. When administered a six-point stroke symptom knowledge test, respondents with 4' risk factors were significantly less knowledgeable, receiving a mean score of 3.2, compared to those with 1Á3 risk factors, who scored a mean of 4.6. Those with four or more years of college were significantly more knowledgeable than those with only a high-school education, receiving mean scores of 4.6 and 3.9, respectively. There was no association between stroke knowledge and use of a primary care physician. Conclusions: Although it is known that individuals with more risk factors are more likely to have a stroke, in our study these respondents were less able to recognize stroke symptoms compared to respondents with fewer risk factors. Future public stroke awareness campaigns should be targeted toward those most at risk so they learn to recognize stroke symptoms and thus seek treatment in a timely manner.
INTRODUCTION
troke is the third leading cause of death and the most common cause of severe, long-term adult disability in the United States. 1, 2 The majority of strokes are ischemic in nature and have the potential to be treated with thrombolytic drugs, improving long-term outcomes when administered to eligible patients in a timely manner. 3 Despite the availability of this life-improving therapy, fewer than 1 in 20 patients with acute ischemic stroke receive thrombolytics, with three-quarters of otherwise eligible patients being excluded secondary to delay in seeking medical treatment. 4Á6 Of patients delaying treatment, onethird reported that they were waiting to see if their symptoms would improve. 5 Previous studies have shown that one-quarter to one-third of the public cannot name a single risk factor or warning sign of a stroke. 7Á9 Given these findings, increasing the public's awareness of stroke risk factors, warning signs, and the urgent need for treatment is a public health priority.
The primary purpose of this study is to determine if an individual's cumulative number of stroke risk factors correlates with their ability to identify stroke symptoms. We also examined the relationship between stroke symptom knowledge and age, gender, level of education, and use of a primary care physician. The findings of this study should be considered in developing future stroke awareness campaigns.
METHODS

Selection and description of participants
Members of the research team recruited respondents by randomly approaching customers at grocery stores and malls near East Lansing, Michigan. Each respondent was asked if they would be willing to complete a brief survey regarding their knowledge of stroke warning signs. Participants either completed the surveys on their own or gave verbal responses to items read by the research team. Following completion of the survey, participants were provided the correct answers to the survey, as well as taught the FAST mnemonic, 'Face, Arm, Speech, Time', endorsed by the American Stroke Association. 10 Aside from receiving stroke education, respondents received no other compensation for their participation.
Technical information
This IRB-approved study used an in-person, closedended, 17-item multiple-choice survey. The survey included six knowledge items (stroke symptoms), screening for seven stroke risk factors, and four demographic questions (age, gender, level of education, and use of a primary care physician) (Fig. 1) . Knowledge of stroke symptoms was assessed using a portion of the CDC's 2011 Behavioral Risk Factor Surveillance System Questionnaire, 11 which includes the five signs of stroke used by the National Institute of Neurological Disorders and Stroke. 12 To guard against patterned responses, we also included chest pain, a non-stroke symptom. Respondents were screened for: high blood pressure, high cholesterol, diabetes, tobacco use, alcohol use, heart disease, and prior stroke.
Statistics
Prior to analyses, symptoms for which respondents were 'unsure' were combined with 'incorrect' responses to assess for unambiguous symptom knowledge. Risk factors for which the respondent had 'maybe' been diagnosed were coded as being 'present' to include those with borderline risk factors. The cumulative number of risk factors for each respondent was calculated and categorized as 'none', '1Á3', or '4 or more'. We analyzed the data using Stata v12 (College Station, TX) to estimate the prevalence of each risk factor within the sample population, as well as the frequency of the sample population to unambiguously identify whether each proposed symptom could be considered a warning sign of a stroke. We compared the mean number of correct stroke symptom responses and standard deviations for a number of subgroups including gender, level of education, number of self-reported stroke risk factors, and by use of a primary care physician. Comparison of stroke knowledge by gender and use of primary care physician was performed using a t-test. Comparisons of stroke knowledge by level of education and cumulative number of risk factors were performed using ANOVA and Scheffé post-hoc analysis to determine pairwise differences between subgroups. Multivariate regression analysis was also performed to estimate the independent contribution of individual variables on stroke symptom knowledge.
RESULTS
In total, 245 respondents completed surveys, 58% of whom were female. The response rate to our survey was not collected; however, very few individuals who were approached refused to participate. The median age of respondents was 40 years, ranging from 18 to 88 years. Forty-nine percent of respondents completed a Bachelor's degree or more, 31% completed some college or attended technical school, 15% completed high school or General Educational Development † testing, while 5% had less than a high-school education.
The self-reported frequency of stroke risk factors in our study population is displayed in Table 1 . More than one in five respondents reported having high blood pressure and/or high cholesterol while roughly 1 in 10 reported diabetes and/or tobacco use. Less than 10% of respondents reported alcohol use, having a history of heart disease, and/or a prior stroke. Cumulatively, 56% of respondents had no risk factors, 41% had 1Á3 risk factors, and 4% had 4 or more risk factors. Table 2 summarizes respondents' ability to identify stroke symptoms. The most easily identifiable stroke symptoms were sudden confusion or trouble speaking (93%); sudden numbness or weakness, especially on one side (92%); and sudden trouble walking, dizziness, or loss of balance (87%). Fewer respondents were able to recognize sudden headache (57%) or sudden trouble seeing in one or both eyes (68%) as potential stroke symptoms. To guard against patterned responses, our survey also included one symptom not related to stroke, sudden chest pain or discomfort, which only 44% of respondents were able to correctly reject with certainty. Most (85%) of the respondents reported having a primary care physician.
The subgroup analysis displayed in Table 3 demonstrates that gender and level of education were positively associated, and number of self-reported risk factors negatively associated, with knowledge of stroke warning signs, while use of a primary care physician was not.
Multivariate regression analysis, as seen in Table 4 , again demonstrates that level of education was positively associated with stroke knowledge, while cumulative number of self-reported risk factors was negatively associated with stroke knowledge; however, gender was no longer a statistically significant association with stroke knowledge for this study population.
DISCUSSION/CONCLUSIONS
In this study, we were dismayed to find that respondents with an increased number of stroke risk factors were less able to correctly identify stroke symptoms. This is unfortunate given that this population is most likely to experience a stroke, yet may not understand their need to seek treatment in a timely manner.
We were also surprised to find that there was no association between stroke knowledge and use of a primary care physician; however, other studies have found that only 2% of patients viewed their physicians as their primary source of stroke knowledge, 9 so perhaps this is not to be unexpected. This information should however be alarming to primary care providers and efforts should be made to increase stroke education efforts in primary care settings, especially targeting those patients screening positive for four or more risk factors.
It is widely known that socioeconomic position (SEP) is one of the strongest and most consistent predictors of health outcomes. Multiple, often related indicators are commonly used to measure SEP in health research; however, there is no agreement on a single best indicator. While it may sometimes be necessary to capture multiple SEP indicators to avoid residual confounding effects, single indicators are sufficient to demonstrate that a socioeconomic gradient exists. 13 Income level, race, and level of education have previously been shown to be predictive of stroke knowledge. 7,8,14Á17 For the sake of brevity, we designed our survey to use level of education as a single indicator of SEP. We did not intend to make comparisons between Female gender has been previously shown to be predictive of increased stroke knowledge. 7, 8, 14, 15, 18 This finding was suggested by our univariate analysis (p 00.031); however, multivariate analysis was not able to confirm this association with the same level of statistical significance (p 00.057). This is likely a type II statistical error, which might have been overcome by increasing our sample size to boost the statistical power of our test.
Discordant with the previous work, our data suggest that there is an overall positive correlation between age and stroke knowledge. This is likely because other research groups have performed analysis using categorical age ranges rather than treating age as a continuous variable. Studies reporting data for multiple age categories have shown that stroke knowledge appears to be at its peak during the middle years of life, 17 while those using a single age cut-off of 65 to 75 years old have shown the elderly to have decreased stroke knowledge. 9, 14, 18 Note: Comparison of stroke knowledge by gender and use of primary care physician was performed using a t-test, while comparison by level of education and by number of self-reported risk factors were performed using ANOVA and Scheffé post-hoc analysis. *Level of education was related to ability to correctly identify stroke warning signs (F 04.87; df 03241; p 00.003); Scheffé post-hoc analysis revealed that mean knowledge score for category 'four or more years of college' was significantly different from the 'high school or GED' category (p 00.035). **Increased number of risk factors was also related to ability to correctly identify stroke warning signs (F 06.26; df02242; p 00.002); Scheffé post-hoc analysis revealed that mean knowledge score for category '4 or more' risk factors to be significantly different from '1Á3' risk factors or 'none' categories (p 00.005 and p 00.033, respectively). GED, General Education Development † testing. Our results suggest that some stroke symptoms are more easily recognizable to the public than others. This is consistent with statewide telephone-based surveys of the Michigan population. 8 Sudden confusion or trouble speaking and weakness or numbness are the most easily recognizable symptoms of a stroke, while respondents have more difficulty identifying severe headaches, trouble seeing, trouble walking, dizziness, or loss of balance as potentially being warning signs of a stroke. These differences may be related to the symptoms that have been most heavily emphasized in public stroke awareness campaigns such as FAST.
10
Limitations of this study include the reliance upon respondents to self-report their risk factors, since some patients may have denied risk factors for which they had not actually been screened; responding 'no' rather than 'unsure'. While administering the surveys, a number of respondents stated they were users of tobacco and/or alcohol, however denied this as a risk factor; potentially as an artifact of how the question was framed (Fig. 1) . In future studies, it would be helpful to quantify amounts of tobacco and alcohol consumption to eliminate any reporting bias. While cumulative number of self-reported risk factors likely correlated with magnitude of stroke risk, a stroke prediction score such as the Framingham stroke risk profile may have alternatively been used; 19 however, calculating such a score would require more quantitative data collection than was possible using a brief, public survey format. Given that this survey was administered in grocery stores and malls in a single university town in the Midwest, our results may have limited external validity as a result of selection bias. Indeed many other studies have shown that there are regional differences in public knowledge of stroke warning signs and symptoms. 8 Additionally, our use of a six-point test to measure symptom knowledge may not necessarily represent clinically meaningful differences in stroke knowledge or predict an individual's response to seek treatment. Individuals with severe symptoms such as the sudden onset of unilateral weakness might seek emergent medical attention regardless of whether or not they knew this was indicative of a stroke. Conversely, individuals with milder stroke symptoms may wait for improvement before seeking treatment.
Compared to previous studies showing that onequarter to one-third of the public cannot name a single stroke symptom, 7Á9 respondents to our survey appeared to have much greater levels of knowledge. This is likely related to the fact that our survey required respondents to accept or reject symptoms from a closed-ended list rather than asking for open-ended responses. Aside from the fact that stroke symptoms may be easier to identify with closed-ended questioning, there may also be an effect of patterned responses. We were surprised to find that more than half of respondents were unable to definitively exclude chest pain as a stroke symptom. Further complicating the use of chest pain to evaluate for the effect of patterned responses is that even with open-ended questioning, the public has difficulty distinguishing between the symptoms heart attack and stroke. 15 A study of hospitalized patients who had experienced strokes found that only half were able to identify stroke as an injury to the brain. 9 Despite public confusion in distinguishing between symptoms of stroke and heart attack, it is debatable whether this leads to significant differences in recognizing the need for emergent medical treatment. In future studies using closed-ended questioning, it may be beneficial to increase the number of non-stroke symptoms in order to better evaluate the effect of patterned responses.
Given our findings, future studies should be conducted to better understand why those with the most risk factors may have the least knowledge of stroke symptoms. The lack of association between use of a primary care physician and stroke knowledge should also be further investigated in terms of the quality of primary care received, specifically, but not limited to, the frequency of follow-up visits, continuity with a single provider, and emphasis on patient education. Future public stroke awareness campaigns should be targeted toward those most at risk so that they can seek treatment in a timely manner should they develop any symptoms of stroke onset.
